Background: It is important to screen for alcohol consumption and drinking customs in a standardized manner. The aim of this study was 1) to investigate whether the AUDIT score is useful for predicting hazardous drinking using optimal cutoff scores and 2) to use multivariate analysis to evaluate whether the AUDIT score was more useful than pre-existing laboratory tests for predicting hazardous drinking.
Background
Alcohol is implicated in a wide variety of diseases, disorders, and injuries, as well as social and legal problems [1, 2] . There are many forms of excessive drinking that create substantial risk or cause harm to the individual, including severe disorders such as alcohol use disorder (AUD), as well as less severe disorders such as hazardous and harmful drinking [3, 4] . In May 2013, the American Psychiatric Association issued the 5th edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) [5] . The DSM-5 integrates the two DSM-IV disorders, alcohol abuse and alcohol dependence, into a single disorder called AUD with mild, moderate, and severe sub-classifications [5] . Hazardous drinking, recognized by the World Health Organization (WHO), is defined as a quantity or pattern of alcohol consumption that places the individual at risk for adverse health events [3, 6] . Harmful drinking, defined as alcohol consumption that negatively affects physical and mental health, is also recognized by the WHO [3, 6] . Alcohol-related problems pose a huge economic cost to many communities worldwide. Screening and brief intervention for alcohol has emerged as a cost-effective preventative approach [7] that is relevant and practical for delivery in a primary health care setting. However, there is considerable inconsistency in the reporting and interpretation of alcohol use both by subjects and physicians across studies [8] . Therefore, it is important to screen for alcohol consumption and drinking customs using a standardized method.
Laboratory methods to screen for alcohol consumption include tests such as blood ethanol, serum γ -glutamyltransferase (GGT), carbohydrate-deficient transferrin (CDT), and mean corpuscular volume of erythrocytes (MCV), aspartate aminotransferase (AST), and alanine aminotransferase (ALT) [9] . Previously, Aertgeerts et al. reported that laboratory tests are of no use for detecting alcohol abuse or dependency in a primary care setting [10] . Meanwhile, Dunn et al. more recently reported the alcoholic liver disease (ALD)/non-alcoholic fatty liver disease (NAFLD) index (ANI) for the differentiation of ALD and NAFLD [11] . ANI is a formula derived from four independent ALD predictors: MCV, the AST/ALT ratio, body mass index (BMI), and male sex that has been reported as capable of distinguishing ALD from NAFLD [11, 12] .
In addition to laboratory tests, the Alcohol Use Disorders Identification Test (AUDIT) is a 10-item questionnaire designed by the WHO to screen for hazardous drinking in primary health care settings (Additional file 1: Table S1 ) [13, 14] . It was developed and evaluated over two decades, and provides an accurate measure of risk across sex, age, and cultures [3, [13] [14] [15] . The Alcohol Use Disorders Identification Test for Consumption (AUDIT-C), the most popular short version of the AUDIT consisting solely of three consumption items, is approximately equal in accuracy to the full AUDIT [15] [16] [17] .
Health educators and researchers in different countries employ different definitions of a standard unit or drink because of differences in the typical serving sizes in that country [18] . For example, one standard drink in the United States contains 12-14 g of pure alcohol, one standard drink in the United Kingdom contains 8-10 g, one standard drink in Australia contains 10 g, and one standard drink in Japan contains 20-23.5 g [18] . The AUDIT must be adapted for different countries due to different definitions of a standard unit or drink.
Some studies have examined the prevalence of unhealthy alcohol use in the hospital outpatient setting using AUDIT [19] [20] [21] [22] . The prevalence of unhealthy alcohol use tended to be lower in studies conducted in general outpatient populations. Of these, three studies were conducted in general outpatients mainly in the internal medicine department. In two studies, estimates of unhealthy alcohol use ranged from 6 % in a Dutch hospital to 38 % in a South African hospital. On the other hand, one study from Japan reported the prevalence of problematic drinking or alcohol use disorders in outpatients [23] . The prevalence of "heavy drinking" and "suspected alcohol dependence" were 7.1 and 14.1 %, respectively. They concluded that screening problematic drinking is required for early detection in patients visiting the internal medicine and surgical departments of general hospitals.
Nonetheless, the optimal cutoff value of the AUDIT score to predict "hazardous drinking" in Japanese internal medicine outpatients is unknown. Moreover, it remains unclear whether both the AUDIT score and preexisting laboratory tests are independent predictors of hazardous drinking.
Accordingly, the aim of this study was 1) to investigate whether the AUDIT score is useful for predicting hazardous drinking using optimal cutoff scores and 2) to use multivariate analysis to evaluate whether the AUDIT score was more useful than pre-existing laboratory tests for predicting hazardous drinking.
Methods

Design
This exploratory cross-sectional study included patients who visited the Internal Medicine Department of Osaka City Juso Hospital, Japan between June 25, 2014 and March 4, 2015.
Patients
The internal medicine and general hepatology outpatient clinic was held once per week and attended by a single hepatologist. Participation in the study was proposed systematically to all adult (age ≥ 18 years) patients who visited this outpatient clinic. Patients were excluded if they had an acute psychotic or manic episode, had a severe major depressive episode, did not understand the aims of the study, did not complete screening for daily alcohol consumption including AUDIT, and/or did not understand Japanese. We also excluded patients who had not undergone testing for hepatitis B surface antigen (HBsAg) and hepatitis C virus (HCV) antibody in our hospital. The doctor examined 522 patients who visited our hospital during the above-mentioned period. Of these, seven were excluded because the AUDIT was not performed (due to depressed levels of consciousness [n = 2] and family consultation [n = 5]). Thus, 515 patients were assessed. One hundred eighty-one patients were excluded because of a lack of data for HBsAg and/or HCV antibody. The remaining 334 patients were included in this study. The study protocol was approved by the Institutional Review Board at Osaka City Juso Hospital, and the participants provided informed consent. The study was conducted in accordance with the Declaration of Helsinki.
Alcohol screening measures
Each patient underwent a comprehensive assessment of the presenting disorder as well as daily alcohol consumption, including AUDIT. We assessed drinking frequency (daily, weekly, monthly, and yearly) along with the volume of alcohol intake according to beverage types. The volume was subsequently converted to grams of ethanol, and values for each beverage type were added. The ethanol contents for calculation were as follows: 5 % for beer, 25 % for shochu (a distilled alcoholic beverage made in Japan), 15 % for Japanese sake (rice wine), 43 % for whisky, and 14 % for wine. The specific density of alcohol was defined as 0.79 g/mL [8] . We developed an automatic calculator to determine the amount of alcohol in a typical drink for electronic medical records using a template (Juso Alcohol Calculator; JAC), and entered the data therein (Additional file 1: Table S2 ).
The AUDIT was administered in combination with an oral interview and a self-reported questionnaire. The patients responded to the questionnaire in the waiting room while they waited for their medical visit. The patients were subsequently interviewed by the doctor to clarify ambiguous answers. In this study, we used the Japanese version of the AUDIT, which defines one standard drink as 20 g of pure alcohol in accordance with current available health guidance in Japan. The doctor provided this information to patients using the Standard Drink chart. Response options on the AUDIT [13, 14] assess the frequency of a particular drinking-related behavior over the preceding year. AUDIT scores range from 0 to 40 and are calculated by summing the scores for all 10 items. All subjects completed the AUDIT in combination with a self-report questionnaire and oral interview (Additional file 1: Table S1 ). Hazardous drinking was defined as the modified criteria employed by Bohn et al. [24] : daily ethanol consumption ≥ 40 g for male or ≥ 20 g for females.
Anthropometric and laboratory evaluation
Anthropometric variables (height and weight) were measured using a calibrated scale after requesting that the patients remove their shoes and any heavy clothing. BMI was calculated as weight (kg) divided by the square of height in meters (m 2 ). Obesity was defined as a BMI of > 25 kg/m 2 according to the Japanese criteria for obesity [25] . Patients were assigned a diagnosis of diabetes mellitus if they had documented use of oral hypoglycemic medication, a random glucose level > 200 mg/dl, or fasting plasma glucose > 126 mg/dl [26] . Dyslipidemia was diagnosed if the cholesterol level was > 220 mg/dl and/or the triglyceride level was > 150 mg/dl. Hypertension was diagnosed if the patient was taking antihypertensive medication and/or had a resting recumbent blood pressure ≥ 140/90 mmHg on at least two occasions. Venous blood samples were obtained in the morning after the patients had fasted overnight for 12 h. Laboratory evaluations for all patients included determination of platelet counts and measurement of the serum levels of AST, ALT, the AST/ALT ratio, the serum levels of GGT, and MCV. HBsAg was measured using the ARCHITECT HBsAg QT assay (Abbott Japan, Tokyo, Japan), and anti-HCV antibodies were measured using the ARCHITECT HCV QT assay (Abbott Japan). All parameters were measured using standard techniques.
Statistical analysis
Statistical analysis was conducted using JMP 10.0 software (SAS Institute Inc. Cary, NC). Continuous variables were expressed as mean ± standard deviation. Qualitative data were represented as numbers, with the percentages indicated in parentheses. Sensitivity and specificity, which reflect the probabilities of false positive and false negative assessment, respectively, were determined for selected cutoff values, and the area under the receiver operating characteristic curve (AUROC) was calculated. The Youden index was used to identify the optimal cutoff points. We used 10-fold cross-validation to check internal validity. Briefly, in this method the original sample is randomly partitioned into 10 approximately equally sized subsamples. Of the 10 subsamples, a single subsample is retained as the validation data for testing the model, and the remaining nine subsamples are used as training data. The cross-validation process is then repeated 10 times, with each of the 10 subsamples used exactly once as the validation data. The 10 subsamples results can then be averaged (or otherwise combined) to produce a single estimation. Multivariate logistic regression analyses were conducted to identify parameters that significantly contributed to the estimation of hazardous drinking. Differences with P values <0.05 were considered statistically significant.
Results
Patient characteristics
Patient clinical characteristics are summarized in Table 1 . One hundred and sixty patients (48 %) were female, and 126 patients (38 %) were obese. The ratios of metabolic factors were between 20 and 30 %. The mean AST/ALT ratio was > 1 in both male and female patients. Eighteen patients (5.4 %) were positive for HBsAg, and 42 patients (12.6 %) were positive for HCV antibody. The prevalence of disorders in the cohort is shown in Table 2 . One hundred and sixty-two patients (48.5 %) were diagnosed with hepatic and biliary disorders, 58 (17.4 %) with infectious disorders, 31 (9.3 %) with endocrine and metabolic disorders, 14 (4.1 %) with cardiovascular disorders, nine (2.7 %) with neurological disorders, and seven (2.1 %) with gastrointestinal disorders. Furthermore, 10.2 % of patients were diagnosed as having an unclassified disorder.
Relationship between patients' alcohol consumption and AUDIT scores Table 3 shows the prevalence of alcohol consumption and AUDIT scores. Forty male patients (23 %) had daily alcohol consumption ≥ 40 g, and 16 female patients (10 %) consumed ≥ 20 g daily. At the same time, 69 male patients (39 %) and 16 female patients (10 %) had an AUDIT score ≥ 8.
Appropriate cutoffs of AUDIT scores
For 10-fold cross-validation, mean values of sensitivity, specificity, false positive, false negative, and area under the receiver operating characteristic curve (AUROC) for hazardous drinking are shown in Table 4 . For hazardous drinking, the optimal cutoff for the AUDIT score was 8.2.
Sensitivity and specificity of the optimal cutoff value of the AUDIT score The sensitivity and specificity of an AUDIT score ≥ 8 men were 97.5 and 79.1 %, and for a score ≥ 4 women were 100 and 85.4 %, respectively. The sensitivity and specificity of an AUDIT score ≥ 5 in all patients were 100 and 76.3 %, respectively. With a cutoff value for AUDIT score of ≥ 5, almost 40 % of male patients were misdiagnosed (Table 5 ).
Sensitivity and specificity of the optimal cutoff value of other variables
The sensitivity and specificity of BMI ≥ 27.7 were 30.4 and 78.7 %, AST/ALT ratio ≥ 1.2 were 57.7 and 60.6 %, GGT ≥ 80 were 58.0 and 81.5 %, and MCV ≥ 93 were 53.8 and 75.9 %, respectively (Table 6 ).
Logistic regression analysis
On univariate analysis for baseline predictors, Question 1, Question 2 and Question 3 were significantly related with an alcohol consumption ≥ 40 g per day in male patients and ≥ 20 g per day in female patients (all P < 0.001; Table 7 ). Multivariate analysis identified only AUDIT-C and patient sex as significant independent predictors of hazardous drinking. The AST/ALT ratio and MCV were only weakly significant (Table 8 ).
Discussion
The AUDIT score is useful for predicting hazardous drinking by using optimal cutoff values. Since the AUDIT was published, a number of studies have evaluated its validity and reliability in different clinical and community samples worldwide [3, [13] [14] [15] . At the recommended cutoff of 8, most studies have found very favorable sensitivity and usually lower, but still acceptable, specificity, for current ICD-10 alcohol use disorders [15] . The present study showed that using an optimal AUDIT cutoff score of 8.2 resulted in a high sensitivity of 95.5 % and a high specificity of 87 % for identifying hazardous drinkers among outpatients at an internal medicine department. The biologically effective dose of alcohol in relation to mortality in female patients is approximately two standard drinks per day less than that of male patients [27] . Therefore, we first evaluated sex-specific AUDIT cutoff scores for hazardous drinking separately. Among male patients, the optimal cutoff score of 10 resulted in a decrease in sensitivity from 95.8 to 94.2 % and an increase in specificity from 87.0 to 90.1 %. Among female patients, an optimal cutoff score of 6.1 resulted in a decrease in sensitivity from 95.8 to 88.9 % and an increase in specificity from 87.0 to 93.4 %. Reinert et al. suggested that optimal cutoff value of AUDIT score is lower in women than in men [15, 29] . In addition, the 2005 edition of the National Institute on Alcohol Abuse and Alcoholism Guide selected an optimal cutoff of eight for men and four for women [28] . In contrast, it has been reported that an AUDIT score cutoff of five may be appropriate for women [29] . Second, we evaluated the sensitivity and specificity of an AUDIT score ≥ 8 in men, ≥ 4 in women, ≥ and 5 in all patients ( Table 5 ). As shown in Table 4 , the sensitivity and specificity were relatively unchanged. With an AUDIT cutoff value of ≥ 5, specificity decreased to 59.7 % in men. In women, there was a limit to the accuracy of estimation because only a small number of women were classified with hazardous drinking as compared with men. Although it is difficult to conclusively establish because of a different methods of analysis, our study suggested an appropriate cutoff value of eight for hazardous drinking in Japanese internal medicine outpatients.
We also evaluated whether the AUDIT questionnaire was more useful than pre-existing laboratory tests for predicting hazardous drinking. After adjusting for BMI, the AST/ALT ratio, GGT, and MCV, the AUDIT-C and patient sex were significantly associated with hazardous drinking. Furthermore, univariate analysis revealed that only Questions 1, 2, and 3 were statistically significantly associated with hazardous drinking (Table 7) . Multicollinearity is thought to strongly affect to these questions because they are similar quantity frequency assessments. Therefore, to avoid multicollinearity, we used the AUDIT-C in subsequent multivariate analysis. After taking into consideration that hazardous drinking is defined differently for male and female patients, female sex had a significant odds ratio for hazardous drinking. One plausible explanation for this finding is that the estimate of the sex effect was unstable because of multicollinearity with AUDIT-C scores.
Our data suggested that the AST/ALT ratio and MCV had borderline significance in predicting hazardous drinking. The AST/ALT ratio appeared to be a useful index to distinguish non-alcoholic steatohepatitis and ALD [30] , and a high AST/ALT ratio suggested advanced ALD [31] . Table 5 Sensitivity and specificity of optimal AUDIT cutoff scores A recent study validated the Japanese version of the AUDIT [32] . This study revealed that 8.0 % of their sample had an AUDIT score ≥ 11 (indicating alcohol abuse). In this study, the 145 subjects (136 men) who answered the questionnaire worked in a car manufacturing company. However, there were no details about alcohol consumption [such as drinking frequency (daily, weekly, monthly, or yearly) or volume of alcohol intake according to beverage type]. In our study, 53 patients (16 %) had an AUDIT score ≥ 11. Of these, 42 patients drank four or more times per week, 26 patients drank seven or more drinks on a typical day, and 29 patients had six or more drinks daily or almost daily. Additionally, we demonstrated the internal validity of our data by using 10-fold cross-validation.
We evaluated the effect of alcohol consumption on pre-existing laboratory tests excluding the possibility of hepatitis B (HBV) and HCV infection. Chronic infection with HBV or HCV is the major cause of end-stage liver disease including cirrhosis and hepatocellular carcinoma [33, 34] , and the coexistence of these factors have a synergistic hepatotoxic effect, and increase the risk of advanced liver disease [35] [36] [37] . In this study, the AST/ ALT ratio was significantly higher in HBV-or HCVpositive patients than in those patients who were virus negative. Additionally, the platelet count was significantly lower in virus positive patients than in those who were virus negative (data not shown). Based on these results, we speculate that the stage of liver fibrosis was more severe in virus positive patients than in those who were negative. Regardless, even when excluding HBsAgand HCV antibody-positive patients, the optimal cutoff values for hazardous drinking was still 8.2.
The main strengths of this study are that the data concerning alcohol consumption and drinking customs were screened by one doctor using a standardized method. Using the JAC, by only entering the digit of frequency, kind, and amount, a doctor can accurately determine the amount of daily alcohol consumption, and report the data to the patients immediately. The standard drink concept suggests that there is a serving size of alcohol that is typical for a particular country. Thus, the use of the standard drink it is complicated by different standards across and even within countries [14] . To prevent confusion, we used the Japanese version of the Standard Drink chart, which shows the "unit" and the "number of drinks" in parallel.
Furthermore, we established internal validity by using 10-fold cross-validation. Using multivariate analysis, we also evaluated whether the AUDIT score was more useful than pre-existing laboratory tests for predicting hazardous drinking.
Some limitations to this study should also be noted. First, external validity was not investigated because this study comprised exploratory research. Second, the rate of hepatic and biliary disorders tended to be high because the doctor was a hepatologist. The doctor screened all patients who visited his outpatient department to avoid patient selection bias. Third, we lacked adequate patient information regarding psychosocial characteristics such as the Structured Clinical Interview for DSM-IV, Axes I Disorders. Underestimation of alcohol use disorders may have serious consequences in the mental health setting [38] . Although two patients in stable condition who had chronic psychiatric disease were excluded, it is possible that potential psychiatric patients were still included ( Table 2 ). Future prospective studies should validate the AUDIT for the early identification of psychiatric patients relative to internal medicine outpatients.
Conclusions
The AUDIT score is useful for predicting hazardous drinking with an optimal cutoff in outpatients visiting a Japanese internal medicine department. The AUDIT-C 
